"The Sea s Journal of the Korean Society of Oceanography
Vol. 4, No. 4, pp. 275—288, November 1999

B3 f30) ezt Ex BEEst Al $714
dA71= F71oll g vk
E7)E - FB8E - o] f' - T AR A2 - AT

MENEE st B s Ta, HRRAP S Mslatd A
%%H‘*‘ii:ﬁi s oFzrsted Tt

Responses of Bacterial Production and Enzymatic Activities to
Ocean-dumping of Organic Wastes in the Euphotic Zone of the
East Sea, Korea

K1 DON SONG, DONG HAN CHOI, YOON LEE', GI HOON HONG?, CHANG SO0 CHUNG?
SUK HYUN KiM?> AND BYUNG CHEOL CHO'

Department of Oceanography and Research Institute of Oceanography, Seoul National University, Seoul 151-742, Korea
Fisheries Resources Division, West Sea Fisheries Research Institute, Incheon 400-201, Korea
*Chemical Oceanography Division, Korea Ocean Research and Development Institute, Ansan, P.O. Box 29, Seoul 425-600, Korea

F7l= F719 tigk gheiaiote] vk °]3H°}7] A8l Fale] wFrlE A Frlsig el fdtolM 1996 4
HEE 19973 9¥7MR] F 530 AA whE]ol AAg, wElelel A, olu) = ¥l thA] (aminopeptidase;
AMPase) 7Fi8l s, HIERE2FAOA (B-g uc051dase B-GLCase) 7I&38l5S &4t R lsidd &)
HgllM FR AR AR AEEHaE A 9 veHgol MFES Hlws) 2 Ax, A A7) AA
AAEA kel B7) AAA £)oke] HEY AR} B-GLCase 7MrE3lso] & =4l 53 thymidine
34 leucine 3 HEZFE FHH ge|go} AYitEr quﬂ HA -Er7];H°i°ﬂ 11—5: frojer A %ﬁ}(ﬂ'd’“ﬂ)

& UEp o BEI]s oo M=
*3 F71Ee] AEAHQ el vl HLH]
71 Gl A= alele]o} A G} AAe
o], FrlsfellAl whelelo} AAFe] 23 7|2o] HlE
& AT s 74]*4011 upet Walehe e Uep 7 04":2701] ‘i}Eﬂﬂo} =3 ﬁ?l%ol i
o ojeldt RSl o, e BEE A, B B8 549 wakeh ddE 1A g FoHH
7} € asith

ﬂkﬂii

To understand the effects of ocean-dumping of organic wastes on bacteria, bacterial abundance and pro-
duction, and hydrolytic activities of aminopeptidase (AMPase) and B-glucosidase (B-GL.Case) were measured
5 times in the euphotic zone of the dumping and non-dumping areas of the East Sea from April 1996 to Sep-
tember 1997. Comparing the depth-integrated values of phytoplankton biomass and bacterial parameters over
the euphotic zone of dumping area with those of non-dumping area, we found that activities of B-GLCase
in the oceanic dumping area were always higher than those in the oceanic non-dumping area. Also, thy-
midine-based bacterial production always correlated significantly with leucine-based bacterial production in
dumping area (balanced growth), but not in non-dumping area (unbalanced growth). These results seem to
be bacterial responses to continuous dumping of organic matter into the dumping area. Further, a relationship
between bacterial abundance and production was significant in dumping area, but insignificant in non-dump-
ing area, indicating that control mechanisms of bacterial abundance were different in two areas. Relationships
between other bacterial parameters varied with areas and seasons, suggesting that bacteria might be regulated
by different factors in spring and summer. Further studies are required to test whether these seasonal vari-

abilities of regulating factor are associated with changes in temperature, temperature-related phenomena, or
characteristics of wastes.
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Table 1. Percentages (%) of aminopeptidase and B-glucosidase hydrolytic activities (V,..), and bacterial abundance measured in various size-

fractionated seawater of the East Sea in March, 1997

Stati Depth Aminopeptidase activity B-glucosidase activity Bacterial abundance
tation
(m) >10um*  02-1.0pum  <02um  >1.0um* 02-1.0um <02 pum <1.0 pm”
B 0 19 46 35 = - - 11
20 25 39 36 - - - 71
50 30 57 13 - - - 73
100 37 30 33 - - - 77
M 0 29 54 17 15 45 40 26
20 48 51 1 - 88
30 80 12 8 - - - -
50 15 79 6 0 85 15 -
75 15 66 19 - - - 92
100 17 41 42 - - — 98
Average 32420 48+19 2114 710 65+28 28+18 8026

“calculated from the equation [{(total enzymatic activity)—(<1.0 um enzymatic activity)}/total enzymatic activityx100].

*Values from the 1.0 um filtrate.
‘Not determined.
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Fig. 3. Depth profiles of temperature and bacterial parameters in the East Sea on April, 1996. Arrows represent the euphotic depth.
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Fig. 4. Depth profiles of temperaturc and bacterial parameters in the East Sea on May, 1996. Arrows represent the euphotic depth.
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Fig. 5. Depth profiles of temperature and bacterial parameters in the East Sea on March, 1997. Arrows represent the euphotic depth.
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o] ABA(F=0.58, p<0.001, n=25yZ YEPNATHFig. 9C). 3HA
B BErgjae] fgtholl Leu-BCPE 23 oFstA|TE §-9f
g 29 AREA (12=0.39, p<0.05, =245 JERNATKTable 3A).

ul%7] sjede] Sl E Eof HElglel WE Aloldd &
o)t AaAlE Ve kch(Table 3B). ZLEfvh ool B
27] ool F-3iolAl AMPase V™ B-GLCase Vo7t
Leu-BCPS} 73ab ofe] AdaA (7l =093, p<0.001, n=11;
£=096, p<0.001, n=11; Figs. 9C9 E)E uYehdsied,
AMPase V.9 B-GLCase Vi AMOll% 219 abaA
(£=0.85, p=0.001, n=11; Fig. 9F)7} UERdth. 2e)a dealo}
MAGE AMPase Vad 908 A#3A(P=0.71, p<0.05,
n=11; Table 3A)E vERARITE oFol BIF7] sfHeA S4E
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Fig. 6. Depth profiles of temperature and bacterial parameters in the
East Sea on July, 1997. Arrows represent the euphotic depth.

F22 1997d 9 HA M2 75 m FHdA HE 16.0°C
o] e k2 A9k 222:226°C8 FE W9 #2 B
om, HIR7] A Ag vehd &3 %Eﬂalo}-@l Leu-
A R B-GLCase Vo Abelo) WFERG fo)8k i)

(Table 3AYE 16°CE] ’a.i:f’. TEg Bl AR "; A e18HH -
A FUTHp>0.05).

E =)

SASETO| A7|7HY AE
oAzl Zy|u A AI(Table DE A E3lEno
vrelglol Z7fert 7eqEe RFEdoh £ ghelgo}

F=

1.0 ume] =Z7] Fufel A
o] 48+19%, el B-
28%5 AHAISFAAL B
ol el A7)
u]sl

MA G2 80+26%5 AAsHE <
AMPase Hdl&EE & HIdw
GLCase :v:OHé?‘Et % HallEme] 65+
Blglo} AAGTe] 22422%F X SE 1.0 um
dfoll A AMPase®t B GLCaseJ Hilers 2L

Zkzy 32:£20%9 7110%E WERfo), wEglel Al o)
R b $-418-S AAlslelch $HH, & AMPased}t B-GLCase
of o8k Baldns zhr 214 14%9F 28+ 18%S XR|B, &
& Fao] 23 Ba F3 287E AT olelg die
AdolM eHE G4 FFed wEHEot M ZA 71
stthes o] A AdEF AR STHChrdst, 1989; Chrost
and Rai, 1993; Hollibaugh and Azam, 1983; Hoppe, 1983;

Vives-Rego et al.. 1985). Karner and Rassoulzadegan(1995)
& AFE AgkellA F &4 BalEE Fol BEase] EiE
S7b A SR Bl7E g AlIZRe] RS AR~ )elM e
st Mal0~100%)E BYg Basiich o# g &5 ah
o] 7198 vokd 2o dwA Sledl, weeloke] Ao
2R ¥ 52 WE(Vives-Rego er al, 1985), ¥told
zo) og 7S B rlelol AEN - 9 Hh) YFEs)

Wk (Proctor and Fuhrman, 1990) 5] ZaEHar glom, 7

avpgel o@ Bo Y4 B §F azd 44 ¥
K] itk U FEEYIES & YART 0T

A
Lhetet e
(Bochdansky e al., 1995). 3 9]oF s I
7| Mol 8F Fho] 9sh AMPase $EE
A8k W, Hll?*ﬂ Xwowv B 9%E Bed, o
To] Aolz} ApAF o
F7lze) dehel 7islet

& 249 ZFEt 24

Vi%‘(

AJNA ) Gigt o] aFEot

Sl FioiM =X el gE2(or Hege] Hel

TheFst #7olA EA R whEElol A, wE2lol gakE,
AMPase V.8 B-GLCase VouE Tab 4el] AABEATE 2

Aol E4wAe w2} A H7)ol Scheldr Yk
9} W& A% Santa Monica BasinolAe] ol ZAAE A |8}
W fabeh wgel ik Leu-BCPE 0.01~0.69 g C 17
he] HAE veplledl, ol fde] A4S Zhe sfeolA

BuE urggol Aol el FARE vh(Ducklow and
Carlson, 1992). £ d-7¢] uhglo} Aire2 npded g oA
23599 0.03~023 ugC 1! 'Y @9k HFAlsk o
(Talbot er al., 1997), Te ZHojxioF sjdor] A=A
0.03~023 pgC I'" n'e} U KA THHoppe er al,
1993), whdgk slglA ESHFEAT AMPase Vit 5~16
nM ho'e) MR BTl AMPase Vo WH(I~44 oM
hholl slom, B3t Bofjafor ZHE AMPase Vi 31
~58 nM h'9] #H9EA B dATET o7 =& e wYE
Boeh 8 d7dA] 238 B-GLCase Vo HIE 0.1~
54 oM h'= HzE 02 g3004 534" B-GLCase Vi
W99} 8 A}3}SItH(Christian and Karl, 1995;
1995; Rath er al., 1993).

Karner and

Rassoulzadegan,
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Fig. 7. Depth profiles of temperature and bacterial parameters in the East Sea on September, 1997. Arrows represent the euphotic depth.

HIS7| siqnt £7| i Hlm

718199 e] fgdielA dheglel MSE Alele] BAlE diA
2 AT g AEe wet g P e AT (Table 3).
Aol Afgle] B8 AM T Bk AARE e o} 7
A4t Leu-BCP, 28|22 TdR-BCPS} Leu-BCP Aele] §-21%}
AAAA 7 Ach(Figs. 9AS+ 9B 2 10AS} 10B). :LEM H]E
7] slHolME olF W Atold] P} Fae AAE
ol %71 sfido|A whe|glo} A= Hhe|e} @*&?—%01 =
7¥ehol wit Z7FekavhFig. 10A). 28V H)1F7] siddir e
F71sd 2 fAter ele] wieElel AAFE(0.6~10.8 mgC m”
dYE EUAARE Aol AAeE Y] B9 0.7~1.5X
10° cells 172 HWA F& 9o g vehfio] B
A BT =AY fARE 2 29T, 19979 38 A HelA
= 7.6~103 mgC m3d"'Y & AT B85 02~04
X10° cells 1'9] 22 MAFE Hof Frsida g2 S
VERTHFig. 10A). gl HE7] dlgelA] are2]o} 7]

FE 19973 78 AW MO ¥F ARoM O AEE HT

ES A (165 mgC m™ 4y BRAAR dE2jol sfAe
= 0.8%10° cells 1'9) wlwz W ke vehl 2l ohFig.
9A). ©] AE9 1997¢ 79 Ad MY 75 m AEE AYs)
o, gheglol JRASeel Ak diAlZ Frlsfelolx] Aefxl
Az}t FARE B S UEIge F s Alojolx
o)gk oke] A=Al (p<0.001)E Bo] Frlsd3} FARSE dAE
Btk F sjddela depd F W] AdaEEAe] Ao|(Ed]
Boll = TErlejdolx] vrelg]ole] sfAlge] 27T ok
Aol ZabA @229l BhE, v|R7jE el welg]ol A
Atglol] Abglo] vlwa dAsIAY sl E NATE
Effjo, Hhele]o} 7Hxﬂ g9 Bx7} delg]ol A ETE e
891 &, PaHEF od 443 vlolEe] T S+ T
Al BEE S o8 F2 EdE JFedS AT
TdR-BCP$} Leu-BCPQ] PAE F7) sz viRr] s
Al ZpolE UERNSTHFigs. 9BSF 10B). F71EidolA vreld
TdR-BCP%} Leu-BCP Afolol]l yeldt ko] AfdaA= Heg
oF #Fo] @744 (balanced growth) “FEiell Sl= ¥HA, HF
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Fig. 8. Euphotic zone-integrated values of phytoplankton biomass and bacterial parameters in the East Sea.

Table 2. Ranges of temperature, chlorophyll a (Chl @), bactetial abundance (BA), thymidine-based bacterial production (TdR-BCP), leucine-based
bacterial production (Leu-BCP), aminopeptidase (AMPase) V.., and B-glucosidase (3-GLCase) Vi observed in the euphotic zone of dumping and
non-dumping areas in the East Sea during the spring (April and May, 1996, March, 1997) and summer (July and September, 1997)

Spring Summer

Variable” -

Non-dumping Dumping Non-dumping Dumping
Temperature (°C) 10.3-17.5 11.0—-17.7 16.0—22.6 21.6-25.7
Chia{ugi™ 0.14—1.55 0.19-1.41 0.01 -0.54 0.01—-1.32
BA (x10° cells I') 0.2-15 03~-1.6 0.3-1.7 04-1.8
TdR-BCP (mg C m™ d™") nd’. 6.1 n.d. —7.6 0.2-10.6 nd. 1.4
Leu-BCP (mg Cm™* d™Y 0.6—10.8 0.3—15.3 02-16.5 0.7-9.4
AMPase V (nM h7h 27440 33-18.6 1.1-16.6 3.6—
B-GLCase V,,,x ("M h™) 08-2.0 05-54 0.1—3.1 0644

“n.d: not detected

71 el Fag fAE e 23 vd¥ 4%

(unbalanced growth) “FE]ol]

2 AIAFEEH(Chin-Leo and

Kirchman, 1990; Shiah and Ducklow, 1997). Chin-Leo and
Kirchman{1990)2 1.0 pum oI3a]4=2] 3] sk Aol A

Zbell whE mtElgiol AjA|Re] Mste Y dojzl uhe|E e}l 4

Ag57} 25161700 A Leu-7A4&°] TdR-IASHET} o] o

g Sk, v 4%
o] © WA s,
sage) ul7h a@(sw
(19908 el Aelolx] ahe|g]

Sert Aasly] Aol Lew-2A &

A&7 W3 O DNASH oy
183c}. Chin-Leo and Kirchman
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dolel AHe F §7159 g
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w471 age Maayy /108 sl AL o
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Table 3. Pearson’s correlation (r) matrix for data collected (A) in the summer (July and September, 1997) and (B) in the spring (April and May,
1996, March, 1997) in the euphotic zone of dumping (below the diagonal line) and non-dumping (above the diagonal line) areas of the East
Sea. Bonferroni-adjusted probabilities are represented. Parameters included in the analysis are temperature and log-transformed values for
chlorophyll @ (Chl a), bacterial abundance (BA), thymidine-based bacterial production (TdR-BCP), leucine-based bacterial production (Leu-
BCP), aminopeptidase Vi (AMPase V), and B-glucosidase Vi (B-GLCase Vi)

A. Summer
Non-dumping area
Temperatrue Chla BA TdR-BCP: Leu-BCP AMPase Ve B-GLCase Vi
Temperature 0.303 0.618 0.105 0.889* 0.824 0.876*
Chla —0.464 0.452 —-0.002 0262 0.434 0.231
Dumpin BA -0.352 —0.146 0.395 0.770 0.841* 0.679
PP TdR-BCP ~0.412 ~0.020 0518 0.664 0.566 0.720
Leu-BCP —0.625* 0.212 0.656** 0.678** 0.963%** 0.980%**
AMPase V —0.467 0.188 0.74 7% 0.589 0.764%%* 0.923%*
B-GLCase Vumax —0.007 0.264 -0.175 -0.162 0.070 -0.137
B. Spring
Non-dumping area
Temperatrue Chla BA TdR-BCP Leu-BCP AMPase Vyx  B-GLCase Vi
Temperature -0.091 —0.375 0.510 0.359 -0.411 0.459
Chla -0.371 -0.315 —0.035 0.436 0332 0.087
Dumpin BA 0.058 —0.154 —-0.115 —0.315 —0.259 -0.361
are?a £ TdR-BCP 0.173 0.130 0.605 0.544 -0.493 0.343
Leu-BCP -0.074 —0.365 0.822%* 0.736%* —0.223 -0.171
AMPase Vi —0.494 —0.135 0.045 0.188 0.272 0.423
B-GLCase V —0.096 0.164 0.360 0.814* 0.513 0.612
*p<0.05, **p<0.01, ***p<0.001
3 > ~ S 2
~ A [ ¢ ;_:ﬂoootfx ;? 10 ¢ ;gooogi
'(:n - ./.:(é n=125 = n- 24
S . :o.*d% £
g 2
3 )
—
0.1 T AR 0.1 T T UL
0.1 1 10 0.01 0. I 10
Leu-BCP (mg C m* d) TdR-BCP (mg C m* d')
510 *ion = 1D ’
£ ] n=25 £ ] @
&) 4 o 1
= 13 = 1 o 0:
) ] o 01 3 hd
2 1. O ?=093 @ E .
Eot g
ol N ~ 0.01 1. S
! 10 100 01 ! 10 Fig. 9. Relationships between (A) leucine-based
AMPase Ve ("M hT) P-GLCase Vmw (M h') bacterial production (Leu-BCP) vs. bacterial abun-
= 10 = dance (BA), (B) thymidine-based bacterial produc-
T 10 4E ‘ z iF [ tion (TdR-BCP) vs. Leu-BCP, (C) aminopeptidase
= 3 = ] ° ° hydrolytic activity (AMPase Vy.,) vs. Leu-BCP,
< , ¢ e '{ . o0 (D) B-glucosidase hydrolytic activity (3-GLCase
E | ge %o SN o s Vi) vs. TdR-BCP, (E) B-GLCase V. vs. Leu-
) s . 2 3 ﬂ“ BCP, and (F) AMPase Vi vs. B-GLCase Vi
< 020w Y & o oss measured in the euphotic zone of non-dumping
3 ° Pt 2 - p-000) sites () and dumping sites (@) of the East Sea dur-
0.1 e 0.1 T ’ ing the summer (July & September, 1997). Statistical
0.1 1 10 1 3 10 30 values (1%, p, and n) for significant relationships were

B-GLCase Vua (nM h)

AMPase Vua (ntM h)

presented at the right side of plots.
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AMPase Vinax (nM h') .Gle " 1 (BA), (B) thymidine-based bacterial
p-GLCase Vo (@M b production (TdR-BCP) vs. Leu-BCP,
_ _ 10 (C) aminopeptidase hydrolytic activity
L 104K 3:. = iF . (AMPase V) vs. Leu-BCP, (D)
& ] & * = i B-glucosidase hydrolytic activity
o ] 0b & ] Q. e (B-GLCase Vi) vs. TdR-BCP, (E)
g )l b i ) Oé) B-GLCase Via vs. Leu-BCP, and (F)
: I3 i ! E Co of o AMPase Vi vs. B-GLCase Vi mea-
Q 3 < 8 j ] sured in the euphotic zone of non-
cg ] S . dumping sites () and dumping sites
o 1 Q 1 (@) of the East Sea during the spring
0.1 ~h—r—rrrrm—r—rrrrry =0l A——— (April & May, 1996; March, 1997). Sta-
tistical values (*, p, and n) for signifi-
0.1 1 10 L 2 10 30 cant relationships were presented at the
B-GLCase Vinex (nM B AMPase Vi (nM ) right side of plots.

Table 4. Bacterial abundance (BA), bacterial secondary production (BSP), aminopeptidase {AMPase) V..« and B-glucosidase (B-GLCase)
Ve In various aquatic environments. Values are given as the ranges observed in the euphotic zone or for depth <50 m

BA BSP AMPase Ve B-GLCase Vi

Location (x10° cells ') (g C T hY (M h™) (M h-) Reference

East Sea, 0.18—1.75 0.01—0.69¢ 1—44 0.1-54 This study

Strait of Magellan, 0.3-1.5 0.03—0.23¢ 5—16 — Tabolt e al. (1997)
Santa Monica Basin 1.53—3.73 0.42—1.6° 60—228 — Rosso & Azam (1987)
Mediterranean 0.44—1.47 - 11.7-59.2 0.7—3.4 Karner & Rassoulzadegan (1995)
Atlantic Barrier Reef 0.36—0.93 9.2~15.5" 247306 0.3—1.8 Rath ef al. (1993)
Northern Adriatic Sea 0.15—48 0.61—2.1 133—1720 - Karner ez al. (1992)
North Atlantic 0.89—1.40 0.03—0.23" 31—58 0.1-54 Hoppe ¢t al. (1993)
Scheldt estuary 1—10 0.11—13.3% 240—1800 - Vives-Rego er al. (1985)
North Sea 0.1—3 0.02~3.2 60—1800 - Vives-Rego et al. (1985)
Antartica, Pacific - - 37648 0.22-1519 Christian & Karl (1995)

“Bacterial production was measured by *H-leucine or "C-leucine incorporation methods.
"Bacterial production was measured by *H-thymidine method; *H-TdR incorporation rate was converted to carbon production using con-
version factors (2.65x10" cells mol TdR™ and 20 fg C cell™)

Ty £ BT R sl MR the e W Eshs AMPase®t B-GLCase®] 712 FafEmel W] daH
Ehiigien, olgfdt 2 AdHosr: Wsleiglrt. e vl of UBhem(Fig. 9C9} 9E), F A Vo, Aloldllx w4
7] sjdof ] wheRote] Lew-BCPE Wiy} ©paleg 71d #ARAE JeilelFg. 9F), HiElelote] AatEel vl ul v
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FHEe o] 8o FHA 0T oEHYL AAEINT vhd,
71 ollA ool welglo} AakEe B-GLCase?] Ve
3P (Fig. 9E), AMPase®] 718 2345, &, @llde) o]44]
of o&Al YFe YENATHFg 9C; Rosso and Azam,
1987). ©l¢k BEo] %7] sidellA] AMPase V.ol B =2
B-GLCase Vot #a¥ FE& 2elsPd (Figs. 83+ 9F), F7] &)

1 4

ol 2o AHOZ 2o ON BELS 2= 237} 49U
& 7FedE At &9, Bl F71819994 TdR-BCP7}
B-GLCase®] Eoll&i, & ©5lE2] o]84do] &=l i, n)
'T_7] sieell e wtezlo} Aito] o] F Fhe] HEwel ¥

e g2 g9l o8] 2EuE S BAU(Figs. 10C-E). £
9] F sGelA Ft A5l LRt olF BAl9] Aol o] F
A7)l Fr1s g3t uRrisid el 71 270 MR b=, 1 74
F2 5 osfel] Majahs wElgel o) AEA wkee] jolg
oF7181%17] W= 3 AZICHChrdst and Rai, 1993; Middelboe
and Sgndergaard, 1993; Talbot er al, 1997). 2e|glo} 7<=
SF AN, 2E3 GFA a9 AW Alel9] oke] A
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A, A 7Meiallee 28she 2 agolgy F duA
A THCole et al, 1988; Middelboe er al, 1995; Shiah and
Ducklow, 1994; White et al., 1991). ZT%X|q}, & 9Lo)A 2z}
ZAF ANl §71 s q 3t vFT) sieel wrEEleh ARt A
AL dE4 o8t FE3 AAE JER IO (Table 3), AE
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